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Abstract
We study the effect of indium tin oxide (ITO) cleaning and hole-injection layer (HIL) insertion on performance of organic light
emitting diodes (OLEDs) device, especially the degradation. We prepare higher- and lower-level cleaned ITOs and molybdenum 
oxide (MoO3) as HIL. OLED with higher-level cleaned ITO and without MoO3 gives the lower driving voltage, while a good 
stability in chromaticity and power efficiency is obtained from OLEDs with MoO3. The degradation of power efficiency is 
reduced in OLEDs with MoO3 and lower-level cleaned ITO. 
© 2010 Published by Elsevier B.V. 
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1. Introduction
Organic light emitting diodes (OLEDs) have attracted attention for applications to display of smart-phone, digital 
signage and lighting because of its distinguished features; high image quality, ultra-slim profile, low power 
consumption, and good compatibility with touch panels. In order to achieve high quality OLED devices, high carrier 
densities are required, therefore effective charge injection from electrodes into organic layers is critically essential. 
Indium tin oxide (ITO) is used as anode because it has high transmittance and high work function. Hole-injection 
layer (HIL) is used to achieve the low voltage OLED operation. 
In the present work, we study the effect of ITO cleaning procedure and HIL insertion on environmental 
degradation of OLEDs. Molybdenum oxide (MoO3) was used as HIL material. Low driving voltage was obtained 
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from OLED with higher-level cleaned ITO but without HIL. It was clarified that the cleaning procedure of ITO 
surface gives an influence on OLED performance and degradation. 
2. Experimental Procedures 
The two kinds of ITO-coated glass substrate were prepared by different cleaning procedures, i.e., lower- and 
higher-level procedures. The former ITO has a six-step procedure including rinsing by acetone and washing in an 
ultrasonic bath by the following sequence: in neutral detergent solution for 10 min, pure ion-exchanged water (IEW) 
with pH 6.9 for 10 min, isopropyl alcohol (IPA) for 5 min, and acetone for 5 min, and then applying UV-ozone 
treatment for 15 min (called A-ITO). The latter ITO has a eleven-step procedure including initial cleaning by 
scrubbing with a soft cloth and a neutral detergent solution, and washing in an ultrasonic bath by the following 
sequence: in the neutral detergent solution for 10 min, acetone for 10 min, alkaline detergent solution for 10 min, 
IEW for 10 min, ultra pure water for 10 min, IPA for 5 min, and then cleaning with IPA vapor, drying under N2-gas
at 120 oC for 60 min, and finally applying UV-ozone treatment for 30 min (called B-ITO). The ITO substrate has a 
sheet resistance of 5 Ω/cm2 and transmittance of 87 % at 520 nm. 
Four kinds of OLED devices were fabricated; 
(1) Device A-Mo: OLED with A-ITO and MoO3 HIL 
(2) Device A: OLED with A-ITO but without HIL 
(3) Device B-Mo: OLED with B-ITO and MoO3 HIL 
(4) Device B: OLED with B-ITO but without HIL. 
All the devices have an emitting layer of Ir(piq)3 doped in NPB, 
where Ir(piq)3 and NPB mean tris[1-phenylisoquinolinato-C2, N] 
iridium (III) and N,N’-diphenyl-N,N’-bis(1-naphthyl)-1,1’-biphenyl-
4,4’-diamine, respectively. 
The layer structure is ITO/MoO3/NPB/NPB:Ir(piq)3/Alq3/LiF/Al. 
The thickness of 0.75 nm was chosen for MoO3 layer [1,2], while each 
of NPB, emitting layer, and Alq3 layers has a thickness of 50, 20, and 30 
nm, respectively (Fig. 1). The concentration of Ir(piq)3 dopant was 
0.5 %. All the devices were fabricated by thermal evaporation method. Same encapsulation process was made for all 
the devices. The active area is 3x3 mm2.
The external quantum efficiency (EQE (%)) was measured using a Hamamatsu-Photonics C9920-12 EQE 
measurement system, together with EL Spectra, the current density-voltage-luminance (J-V-L) characteristics, the 
luminous efficiency ηlumi (cd/A) and power efficiency ηpower (lm/W). Photoluminescence (PL) spectra of the OLED 
devices were measured with a Horiba Spex FluoroMax spectrophotometer by illuminating light from 150 W Xe-
lamp through the ITO surface.  
3. Results 
Fig. 2 shows the EL spectra of Device B-Mo, B, A-Mo, A, and a reference device of NPB/Alq3 without Ir(piq)3,
which were obtained at 1000 cd/m2. The similar spectra with two peaks at 533 and 615 nm are obtained for the first 
four devices. The intense green emission at 533 nm is attributed to Alq3 from comparison with the reference device. 
This is consistent with previous results made for devices of ITO/NPB/Alq3/cathode [3]. The 615 nm emission is 
attributed to Ir(piq)3 by comparison with the previous PL and EL spectra [4,5]. 
The PL spectra of all the devices were investigated to check whether the MoO3 insertion gives influence on the 
electronic states of organic molecules such as NPB and Ir(piq)3 or not. The PL and PL excitation (PLE) spectra of 
Device B-Mo are shown in Fig. 3. An intense PL band is observed at 442 nm, which is due to NPB. Weak PL band 
at 611 nm accompanied with sideband at about 653 nm are similar to the EL band of Ir(piq)3 observed in Fig. 2. On 
the other hand, an intense band at 380 nm observed in PLE spectrum is due to absorption band of NPB. Weak PLE 
bands are observed at about 435, 475, and 530 nm, which are attributed to Ir(piq)3. Unlike EL spectra, the green 
emission due to Alq3 was not clearly observed, because most of the exciting 330 nm light was absorbed by the NPB 
Glass substrate
A‐ITO / B‐ITO
NPB  (50nm)
NPB:Ir(piq)3 (20nm)
Alq3 (30nm)
LiF/Al  (100nm)
MoO3
0.75nm
Fig.1   OLED device structure together 
with thickness of each layer 
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layer and could not reach the Alq3 layer. All the four devices show quite similar PL spectra to each other. These 
results indicate that the MoO3 insertion never changes the conformation and electronic states of NPB and Ir(piq)3.
The L-V and ηlumi -V characteristics of the four devices are shown in Figs. 4 and 5, respectively, which were 
obtained immediately after the fabrication. The highly cleaned B-ITO gives lower driving voltage than A-ITO for 
the devices without MoO3, while A-ITO gives lower driving voltage than B-ITO for the devices with MoO3. This 
indicates that B-ITO gives rise to lowering of injection barrier on the ITO/NPB interface. B-ITO, however, gives a 
lower luminous efficiency than A-ITO for not only device with MoO3 but also device without MoO3 (Fig. 5). 
The environmental degradation of these devices was investigated from the characteristics of J-V, J-ηpower, J-ηEQE,
and the EL spectra 120, 600, and 2100 hours after fabrication of devices. All the devices were kept in a black 
desiccator at room temperature without application of voltage. 
The EL spectra of Devices B and B-Mo at different delay times are shown in Fig. 6. Unlike Device B, intensity 
ratio of the Ir(piq)3 emission to the Alq3 emission in Device B-Mo does not change as time is passing. Same result 
was also obtained for Device A-Mo. The Commission International de l`dÉclairage (CIE) chromaticity coordinates 
of Devices A and B moves to reddish direction as time is passing, while the CIE coordinates of Device A-Mo and B-
Mo do not change. This indicates that MoO3 insertion gives a good color-stability. 
Fig.2   EL spectra at 1000cd/m2, compared to the device 
without Ir(piq)3.
Fig.3   PL spectra of all the four devices excited at 360nm, 
and PLE spectrum of Device B-Mo for 650nm emission. 
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Fig. 4 Luminance-voltage characteristics. Fig. 5  Luminous efficiency-voltage characteristics.
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Fig.6 EL spectra at 40mA/cm2 as time is passing (Left: Device B-Mo.  Right: Device B). 
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Fig. 7 shows the time dependence of the current density at a fixed 5.0 V. Devices A-Mo and B-Mo give smaller 
degradation than Devices A and B. Of Devices A-Mo and B-Mo, Device A-Mo gives higher luminance because it 
has a higher current density. The same results were obtained at the other voltages. Fig. 8 shows the time dependence 
of ηpower at a fixed 50 mA/cm2. Although similar degradation behavior is observed for all the devices, Device A-Mo 
is better than the others. The EQEs of Devices A and B are observed to increase gradually as time is passing, while 
the EQEs of Devices A-Mo and B-Mo do not change as shown in Fig. 9 which was obtained at 40 mA/cm2. The 
same result was obtained at various current densities between 10 mA/cm2 and 100 mA/cm2.
These results indicate that, although the higher-level cleaned ITO gives lower driving voltage than the lower-
level cleaned ITO for the devices without MoO3, the insertion of MoO3 contributes to long-term stability for OLED 
device with lower-level cleaned ITO. 
4. Conclusions
Higher-level cleaned B-ITO gives lower driving voltage than 
the lower-level cleaned A-ITO for the devices without MoO3.
The MoO3 insertion gives a better stability in chromaticity than 
OLEDs without MoO3. Of the devices with lower-level and 
higher-level cleaned ITOs, the OLED with lower-level cleaned 
ITO shows more stable characteristics (i.e., less degradation) in 
the current density, power efficiency, and quantum efficiency in 
case of OLED with MoO3.
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Fig. 9 External quantum efficiency 
at 40mA/cm2 as time is passing 
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Fig.7 Current density at 5.0V as time is passing. 
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Fig.8 Power efficiency at 50mA/cm2 as time is passing. 
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